Purpose We focused on the improvements of prenatal diagnosis by the analysis of DNA from maternal plasma, using Huntington disease as a model of disease. Methods We studied plasma from a pregnancy at risk of having a fetus affected with Huntington disease by the use of two direct analysis of the mutation and polymorphic STRs. Results Direct methods were not informative. Analysis with STRs revealed the presence of the allele that does not cosegregate with the disease, thus the fetus was healthy. Conclusions This strategy is very useful to face complex cases when the direct study is not informative not only for Huntington disease but also for many other disorders.
Introduction
The potential use of fetal DNA from maternal plasma for prenatal diagnosis has been evaluated since the last decade. Due to the overriding presence of maternal DNA in plasma, we are only able to detect fetal sequences of paternal origin. For years, the detection of male specific DNA sequences has been mainly used for the assessment of fetal sex, Rh factor [1, 2] and pathological conditions such as preeclampsia [3] . Nowadays, the principal use for prenatal diagnosis is the detection of fetal aneuploidies, most of which are maternally inherited. The second main purpose for prenatal diagnosis is the diagnosis of single gene disorders. Our group has focused on the non-invasive use of fetal DNA in this field [4] [5] [6] , and some investigators have also considered this idea [7] .
The aim of this work is to prove that fetal DNA detection in maternal plasma could be very useful for dominant and paternally inherited disorders. We have been working in this area using QF-PCR [5, 6] in Huntington disease (HD) because we are a centre of reference of this disorder.
The prenatal diagnosis of HD requires a DNA extraction and analysis from chorion villus sample (CVS) between 10-13 weeks of gestation. This technique includes a 0.5-1% risk of abortion. HD is an autosomal dominant neurodegenerative disease with adult onset for which there is no cure. The responsible mutation is an expanded trinucleotide (CAG) in the IT-15 gene (Huntingtin gene) located at 4p16.3. Presymptomatic, predictive, and prenatal testing is possible by direct mutation analysis. Using haplotype analysis, it is also possible to perform exclusion testing so that the chromosome at a 50% risk can be identified as present in the fetus or not.
Unaffected individuals show between 6-35 (CAG) repeats, affected patients show more than 35 repeats. Right next to this region, there is a polymorphic CCG tract with 7-12 repeats in normal population [8] .
Direct analysis can be performed by two different primer sets. The primer sets that size the CAG region, including the CCG polymorphism, can lead to some inconsistencies in disease vs. normal size ranges. Furthermore, an associated CAA trinucleotide deletion, which follows the CAG tract described in some patients, can prevent the primer from hybridizing, resulting in a false homozygosity.
In our previous work we successfully performed the diagnosis with fetal DNA from maternal plasma by the use of primers flanking the CAG+CCG repeats region. However, our experience in HD diagnosis showed that direct analysis is not informative when parents share allele size, when we find size range inconsistencies and when the inherited paternal allele is very large (expanded allele). Moreover, the low quantity of fetal DNA makes detection of fetal mutation difficult and increases the chance of false results or none at all.
In this study we have tried to solve a complex case of non-invasive HD prenatal diagnosis where direct method were not useful, using different simple techniques. We used two different primer sets: CAG and CAG+CCG region primers. We used informative STRs closely linked to the HD gene as an indirect analysis using DNA of the parents and affected relatives. In this way, we were able to detect the presence of the healthy paternally inherited allele, resulting in an HD unaffected fetus.
Materials and methods
We studied a woman at 12 weeks of gestation married to a HD patient attending our unit for prenatal diagnosis. We took 10 ml of peripheral blood from the pregnant woman. The sample was collected in EDTA sterile tube, previous to CVS, and under informed consent. We also collected 10 ml of peripheral blood from the husband and affected relatives.
DNA extraction
Plasma was obtained from 0.8 ml of maternal plasma with the QIAamp DNA Blood Mini Kit (QIAGEN; Hilden, Germany) according to the manufacturer's recommended protocol and eluted in a final volume of 100 μl. We also extracted DNA from whole blood with the Bio Robot EZ1 (QIAGEN; Hilden, Germany).
PCR amplification
Direct analysis PCR were performed in a GeneAmp PCR System 2700 (Applied Biosystems), with a final volume of 50 μl, 20 μl of plasma DNA, along with 1.5 mM of magnesium chloride, 2.5 μl of 10× buffer (Roche, Indianapolis, USA), 200 mM dNTPs (labClinics techline SM , USA) and 1.5 U of Fast Start taq Polymerase (Roche) per reaction and 10 pmol of each primer:
PCR for the CAG region F: 5′(6-FAM-ATGGCGACCCTG G A A A G C T G AT G A A -3′ ) and R: (5′ -C G G C G G TGGCGGCTGTTG-3′) (Applied Biosystems, Foster City, USA). Cycling conditions were 94°C 5 min, 55°C 1 min, 72°C 1 min, then 50 cycles of 94°C 45 s 65°C 40 s and final extension of 72°C 10 min.
Primers for the CAG+CCG region were: F:5′(6-FAM-A TGGCGACCCTGGAAAGCTGATGAA-3′) and R: (5′-
We used STRs located near the IT-15 gene (1 cM from gene), D4S3034, D4S126, D4S127, D4S412. We chose D4S412 as the most informative: D4S412: F: 5′(6-FAM-ACTACCGCCAGGCACT-3′) and R: (5′-CTAAGATAT GAAAACCTAAGGGA-3′).
DNA fragments for all reactions were electrophoresed in an ABI Prism 3100 Genetic Analyzer and analyzed with the GeneMapper 3.5 software package (Applied Biosystems, Foster City, USA).
Results
Using primers for the CAG region, results showed two alleles of 18 and 21 repeats in the mother DNA. Analysis of the father showed 21 and 44 repeats. Using maternal plasma we could find one allele of 21 repeats that could have been confusing. We continued with the second pair of primers comprising the CAG+CCG region and we found two alleles of 18 and 21 repeats in the mother. Analysis of father DNA revealed two alleles of 21 and 45 repeats each. Both direct approaches were therefore discarded.
We used these STRs for the indirect analysis: D4S412, D4S3034, D4S126 and D4S127 STRs. To abridge, we show results from D4S412 as the most informative.
We amplified DNA from whole blood from the mother and father. Results from paternal DNA showed a 238 bp allele and a 242 bp allele. Upon analysis of affected relatives, we found out that a 242 bp allele was the one that co-segregates with the disease.
In maternal whole blood DNA analysis, we found a 236 bp and 246 bp alleles. Using DNA from plasma we found a 236 bp and 246 bp alleles and a small peak of 238 bp that could correspond to the fetal allele inherited from the father (Fig. 1) and did not appear in the analysis of maternal DNA from the whole blood. We concluded that the inherited allele was the 238 bp that does not cosegregate with the disease, thus the fetus was healthy.
These results were later confirmed with the analysis of DNA from CVS.
Discussion
The use of fetal DNA in maternal plasma is leading to the development of many strategies for non invasive prenatal diagnosis (NIPD). The low amount of fetal DNA and the high background of maternal DNA sequences complicate the labor seriously. Our proposal is to try to avoid this drawback using all our resources. Direct method is the safest diagnosis procedure for HD. In this work direct method with maternal plasma was not informative which 1 and 3 ). In the maternal plasma an allele 1 and 2 is showed and a small peak corresponding to paternal allele 3 made the diagnosis difficult. Here, we show results from one STRs, (D4S412 1% risk of recombination) and we emphasize that it is essential to use two or more STRs proximal and distal to the gene to avoid any misdiagnosis due to a recombination event.
Our experience showed that each family case could need a different technical approach. We consider that it is worth using all the available tools in the laboratory to obtain a reliable diagnosis.
We have performed a NIPD using direct and indirect analysis resulting in a reliable NIPD. The highlight of this report is to show the advantage of having different strategies to ensure the diagnosis for any dominant disorder by the use of maternal plasma. This strategy is very useful to confirm direct studies, the technology is low cost and easily available in any genetic laboratory.
A great advantage is the early time of gestation, in which we can perform this analysis. Results can be obtained in 48 h, so that any result can be confirmed in a short time. At this moment fetal DNA can be detected at 7 weeks of gestation by the use of real time PCR in our laboratory [9] . This early time of gestation would allow undergoing chorion villus sampling in case it would be required.
Our group is now performing further HD prenatal studies to evaluate the accuracy of these methods.
Because this is an adult onset disorder, indirect analysis as an exclusion testing remains a valuable tool for couples who do not wish to define their own risk, but nonetheless wish to have children who will not develop HD [10] . The described assay could be a helpful tool in those cases. Jasper et al. [11] have developed a similar protocol for preimplantation diagnosis that provided couples with the opportunity to minimize the likelihood of disease transmission to their children, without the requirement for predictive testing. This strategy could be offered as a confirmatory tool in preimplantation field and as a pre-test to those couples afraid of the abortion risk of invasive prenatal techniques.
Advances and improvements in the sensitivity of fetal DNA detection are increasing the diagnostic applications. Huang et al. [12] described an assay that involves an automated system that yields higher quantities of cell-free DNA of fetal origin that appeared to be of greater purity. Recent studies have also described a detection of fetal single gene point mutations in the FGFR3 gene (achondroplasia) in DNA from maternal plasma. This study uses either the matrix-assisted laser desorption/ionization timeof-flight mass spectrometry (MALDI-TOF MS) assay with single allele base extension reaction (SABER) approach or the size fractionation of cf-DNA in maternal plasma [13] .
Our assays indicate that fetal DNA in maternal plasma could be a useful source for a safe prenatal diagnosis, applicable in clinical practice for many disorders.
Conclusions
This strategy is very useful to face complex cases using maternal plasma, when the direct study is not informative not only for Huntington disease but also for many others disorders.
